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Many attempts have keen made todefine the ‘objectives ; 


. of seta tor. in the latter part of this decade, many questions 


_ still remain unansered. The goal of this paper is to collect 


\: 


information on the objectives of science education and to relate this 
information to the role of’ the classroom teacher. ‘Educators and 
researchers suggest that science objectives should be associated with 
arning the processes and concepts of science. The body of factual 
scientific information is too great to make educational objectives 
hinge on the acquisition of knowledge alone. Many educators recommend 
objectives that eaphasize activity-oriented, problem-solving kinds of 
skills. The National Science Teachers Associaticn (NSTA) recognizes 
scientific literacy.as,a major goal. The effects of ‘these kinds of’ 
objectives on the classroom teacher are great. Emphasis on learning 
skills, individuali zing instruction, and identifying'values are 


_ important. components of teaching science today. Regardless of the 


. specific branch of science, teachers need to keep in aind those 


skills, such as problem-solving, which are comacn to all education. - 
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Pa Mr. and Mrs. Smith are going out to buy. some new furniture for 
their small trailer. : : 4 
. Lori and Christy, ages 40 and 14%, are gsing ‘ont to buy new 
bicycles with the money they have garned on their paper route, 
but they can't decide which one to get. They have seen so many 
different ones. 8: 

Dr. John Wood is ‘bout to go into the cperating room to remove 
»& tooth pick a small boy has swallowed. The boy can breathe, but 
can't swallow. The doctor has to-decide’where to operate. 

Mrs, Winter,’a housewife, 4s ironing when suddenly the iron goes 
off bat the lamp, which is plugged into the same socket, is still 

Mr. Brodrick has worked on the NASA team for ten years now. | 


sl 


? ‘Last week he was assigned to head a comittee to decide what 
equipment the astronauts will have to carry when they land on the 
planet Pluto. A surveyor satellite will be sent up to find out 
vital information. Dr. Brodrick mist decide what he ‘needs to know ° 
- accomplish his objective. | ; 

Even though the characters in the above stories are fictitious, 
their problens aren't. Today many people face the same of similar - 
problems daily. Prolens so simple as trying to decide what bicycle 

. to buy, or so complex that’ a person's life may be determined by the 
outcome. 
; With this wide range of problems in mind, science eae 
seal $6 ink anon Qaacat thd eedlnet acimnen whan, 

These problems are examples of some situations that brought 


‘ a 


about - personal need for some answers to some basic questions 
concerning sciénce education. | 

’ The object of this paper, therefore, is to gather into one dolly: of 
recent but oreutd ca donserning suggested aniéeoe objectives and to 
describe what implications I feel it has cepeorning the classroom 
teacher. ee \ 
. » 
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II. SUGGESTED OBJECTIVES OF SCIENCE EDUCATION 


Ss 


P As one begins to search for the basic objectives of science 
education, he suddenly realizes the broad area it covers. _ 
a 
For: example, Washton ‘States: . a 


"Throughout my various interviews, discussidns, and » 
correspondences with scientists and science educators, 
I noted ‘in almost all ‘instances the need for a greater 
emphasis on technology in our science courses." 


Yet a group of principals and teachers ee surveyed i 
' by the Public Educational Development Center, Wilkes College, 
in Pennsylvania, 


", . seemed to place the highest priority upom ‘ 
developing critical thinking skills, curiosity, and 
problem-solving skills." 


The teachers and principals went on to show that 


“General student intellectual skills are expressed 
as their main concern."2 a 


Williamson summed it up when he said, 


"Regardless of. the efforts that have been made in 
the past two decadas to identify objectives and content, 
we enter the last quarter of this century with 

+ Unanswered questions, unsolved problems, and unresolved 
, issues ."'3 


1. Nathan Washton. Teaching the Impact of Science on Warld 
Technology. A paper présented at the 49th anmal meeting n 
> of the National Association for Research in Science : 
Teaching, April 23-25, 1976, at San Francisco, California, 
pe 9. 


2. Gverrcero and Belluci. An E DC Report: Science Teaching 
in Pe lvania Public Elementary Schools. Wilkes-Barre, 
fennsy ives Public Educational Development Center, | 
Wilke College 1973, p. 5. | 


3. Stan WillYamson. Issues in Science Education: Changing 
Purposes of Science Education, 1976, p. 9. 
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With the realization of the broad area of acience. education . 
dig's take ow tod We ahah htenticad have Heck nuconeiad by educators, 
researchers, and decubigablons de writings and studies. 

Educators and Researchers 

Dewey said, 


"The aim of education is to be found in thé process 
itself and not as a final goal to be reached." 


This seems to be the direction taken by most science sarick hime 
today, as can be seen. by looking closely at the new science curphoula. 
Cleninson, Moore, and Jones state in "Guidelines and Competencies 
for Elementary Science Educatorg" that 

"The process-inquiry skills are skills which Snpieacbers 
believe are fundamental for elementary teachers and children. 

They are appropriate for students at all grade levels apd 

provide a basis for developing process inquiry skills. 

They go om to list these skills as observing and inferring, 
classifying, measuring, recognizing and ce variables, 
organizing data, hypothesizing, and replicating. 

Sheehan seems to agree with Cleminson when he answers the sae. 
"What does the scientist do when he is doing science?" 

"He observes, measures, hypothesizes, predicts, Aiitensieaits 


.data, defines operatioally, ang performs a nunber of other 
mental and tactile operations." 


. Cleminson, Moore, and Jones. Quidelines and Competencies for 
Elementary Science Education N. Y., N. Y.: MSS Information 


Gerporation, 197, p. 9. 
5, Ibid. vs 9 


6. Joseph T. Sheehan, Learning Process in a , Basie ¢ Science Curriculum, * 


a paper presented at the anmual meeting of the American Educational 
Research Association, April 17, 197h, at Chicago, Illinois, p. 3. 


"h 
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Paget seemed also to agree with Cleminson, Moore, and Jones f 
when he gave the following as the aim of education: 
", . . to create men who are capable of doing new things, 
not simply of repeating what other generations have done-- 
men who are creative, inventive, and discoverers." 


Sy we to form minds which can be critical, can verify 
and not accept everything they are offered." 


He goes on to. say in summery, 

"We need pupils who are active. . . who learn early to 
tell what is verifiable and not what is simply the first idea 
to come to them." 

In the Phillipines, they have schools commonly called barrio 
high schools,” where because of necessity, the students not only 
develop scientific experiments in general science, biology, and 
physics, but are taught how to use what they learn in these a 
other courses to improve their earnings. 

My do they need to improve their earnings? Barrio youth who 
sigiehoaia past the sixth grade have to support their owm high school. 
They are ensbled to do this by making use of what they learn in 
science to earn their way through school. 

The schools have developed a procedure in the elementary grades 
that is now being applied at the high school and college levels where 
in addition to the practical application, the students are taught to 
consider, as well, the welfare of their classmates and other people 


in their neighborhood and commmity. 


7. Williamson, op. cit. pp. 9-10 
8. Qrata, P. T., "Humanizing Science to Save the Warld from 


Destruction." International Review of Education. Number 22, 
1976, p. 98-99 
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The procedure includes the following phases: 


Phase 1--The students are divided into groups of about 
_ten at the beginning of the school year, to go out 
into the commnity to discover local problems. 


Phase 2--The students then develop experiments to discover 
a principle that may be implemented to solve their 
problen. 


: Ss Phase 3--They carry out experiments and draw conclusions. 
Phase --A plan for appropriate application is carried snk 
The barrio school seems to be a prime example of what Fischler 
meant when he summed up the change in science education. He said, 


‘ 


"The emphasis has changed from the ability of a child to 
regurgitate scientific facts to the ability of a child to utilise 
his newly discovered concepts in carefully selected learning 
situations."9 


Harbdeck, in her article, "Is Science Basic, You Bet", seems to 
, agree with Mschler. She says, 
"When science is learned through an activity-centered 
approach, it becomes a vehicle for learning skills that 
are necessary for everyday life. Children need to learn 
how to observe, describe, classify, measure, hypothesize, 
and experiment. They must not only learn thé rules but 
also be able to apply these generalizations to new 
situations."10 * 
Some educators and researchers felt that objectives should be 
tied to physical and mental growth. Robinson states that Eric 
Erikson and, more recently, James Loevinger have provided dynamic 


_ theories of psycho-social and ego development. 


9. Aw S. Mechler, seenee, Process, The learner: A Synthesis. 
Science Education 49: » P- Oe. 


10. Mary B. Harbeck, Is Science Basic? a Bet It Is, Teacher, 
November 1976, p. 22. 


Robinson states, 


"Who the target population is has to be determined priar 
to setting curricular goals. I make this assertion because in. 
my view the characteristics of the learners are limiting factors 
for what educational goals there may be. By characteristics of 
the learner, I mean their physical patterns, the development 
of large and small mscle coardination, the onset of puberty, 
and the adolescent growth spurt are factors that should not be 
ignored in setting curriculum goals.''! 
McBeth conducted a study which would tend to suppart Robinson's 
contention. 12 
McBeth asked children aged 3-8 to sort a number of paper shapes into 
subsets. It was noted that there was a strong tendency at all-age levels 
to sért by form rather than by color. McBeth suggested that the preference 
for form develops before formal schooling. 
Results of a study by Gunter concerning the sequencing of units in 
a college biology course utilizing an audio-tutorial approach seemed 
to say we will do a more effective jo of instruction if we can learn 
in advance what the student already knows and sequence the learning 


activities to capitalize on that prior knowledge .!3 


11. James T. Robinson, Critical Issues in Science Education, A paper . 
presented at the annual meeting of The Association for Education 
of Teachers of Science, March 1976, p. k 


12. Dudley Herron and others, A Summary of Research in Science 
Education, 1974, N. Y., Ne Y. Jotm Wiley and Sons Inc., 
Decenber 1975, p. 17. 


13. Herron, op. cit. p. 2h 


/ Ogden in his study, "A Chronological History of Selected Objectives 


for the Teaching of Secondary School Chemistry in the United States 


During the 1918-1972 Perjod as Reflected in Periodical Literature, "1h 


classifies his statement of objectives into the following categories: 


(1) Knowledge objectives--those objectives advocating the 
- attainment of factual or conceptual aeaee for its’ own 
sake. 


(2) Process objectives--those conveying an understanding and 
use of the methods and technique of schools. 


(3) Attitudes and interest objectives--those concerned with 
developing an appreciation of the contributicry of and nature 
of the scientific enterprise, desirable attitudes involving 
science ‘and scientists, and lasting pene and 
avocational interest in the student. 


) Cultural awareness objectives--those desling with the 
interworkings of science and society or the cultural 
implications of science for society. 


Ogden stated in his conclusian, 


"Although yearly fluctuatios existed with respect to both » 
the numbers of articles and statements concerned with the 
cjectives for teaching secondary school chemistry that a 
appeared in the literature of 1918-1972 period, the number of 
-distinct objective types remained fairly constant." 


He further states, 


"Prior to sub-period (195-1957) six objective types 
(scientific methods of thinking; major facts, principles, 
concepts or fundamentals; specific topics in chemistry; 
‘scientific habit or attitudes; the applicatio of chemistry 
to daily life; and processes, skills, and techniques of 
inquiry were pays the six most frequently referred to in the 
literature ."! 


1h. William Ogden, A Chronological History of Selected (jectives for 


the Teaching of Secondary School Chemistry in the United States 
During the 1916-1972 Period as Reflected in Periodical Literature. 
A presentation at. the anual meeting of The National Associatio 
for — in Science Teaching, Chicago, Illinois, April 18, 


197k, p. 5. 


15. Ibad. p. 6. 
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ORGANIZATIONS 
Many organizations have fe objectives for sciencé 


educators. 
The’ National Science Teacher's Association Board of Directars at 


ite annual meting, July, 1971, stated, 


"The major goal of science education is’ to deve lop 
scientifically literate and personally concerned individuals 
with a high competence for rational thought and action. This 
choice of goals is based on the belief that achieving 
scientific literacy involves the development of attitudes, - 
process skills, and concepts necessary to meet 7 more 
general goals of education, such as: 


; . Iearning how to learn ~ 
learning how to attack new problems 
learning how to acquire new knowledge using rational process 
Building competencies in basic skills 
Developing intellectual and vocatimal sompetence 
Exploring values in new experiences 
Understanding concepts and generalizations 
Learning to live harmoniously within the biosphere 


The goal of science education should be to develop 
scientifically literate citizens with the necessary intellectual 
resources, values, attitudes, and inquiry skills to promote 
the development of man as a rational human being. "16 


The state of North Carolina's Department of Public Instruction in 
their "State Assessment of Educational Progress’ “an North Carolina, 1973-71" 
state their objectives for assessing science ddpostien (3rd eee) as 
follows: 


A knowledge of life science, physical science, earth-space 
_ science, comprehension’ of life science, comprehension of earth- 
pains appa oer ieae es of life science, application of physical 
science Ow. dent: 
str : legge scientific proceases and beliefs, attitudes 


¢ 


for the 70's.. A paper presented to the NSTA Board ef Directors at ite 
a meeting, July, 1971, p. 1. a ; : ics 


17. y State Assessment of Educational Progress in North 


Carolina, 1973-7. North Carolina State Department of Public Instruc 
Document, February 1975, ps. 16-23 PP a oe 
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Three major programs of science instruction have evolved over the 
last fifteen years, each designed to reach a specific overall objective. 

The Science--A Process Approach program chose to organize their 
program around thirteen thinking processes scientists use in Sivastacititg 
life, energy, and matter. Specific hands-on activities were arranged 
in simple to complex sequences for each process. Subject matter content 
was introduced as needed in advance of process learnings .'8 The objective 
was to teach thinking process skills. 

The developers of Elementary Science Study constructed 56 units 
“of instruction that reflected their child-centered, humanistic concerns. 
Each unit wes built around a different topic: appealing to children's 
curiosity about some aspect of their environment and was designed to 
help them learn how to explore it. 

Unlike SCIS and SAPA neither scope nor sequence was recommended 
‘for the units. Instead teachers were invited to organize the units into 
whatever framework best suited their situation.!9 


en 


ow 


The Science Curriculum Improvement Study built its curriculum around 
a dozen broad concepts that seemed to reflect the ae of the modern 
physical and life sciences. Each concept became the organizer for oe 
unit of instructio. Activities were designed to combine concept and 


4 


18. Peter C. Gega, Directions in Elementary School Science. Teacher, 
. Noverber 1976, pe 9. . 


19. Ibid, | 


Ti 


process learning in an organized sequence . Activities were designed 


, to syit children! 8 “ develocasntal stages while clearly identifying their . 


experiences .20 ° 


The 8th Annual Gallup Poll of the Public's Attitude Toward the 


( * 
Public Schools gave indications of what the public felt should be major 


Objectives in education. 
a 


educators, researchers, and organizations agree on a general goal for 


c 
In response to the si daca 


"Do you think that the school curriculum should give ‘more 
reagent or less emphasis to careers and career preparation 


in high school? " ; f.2 


" 80% said more emphasis should be ee to careers in high school. 


In response to the question, 


"Should more information concerning careers be given in the ~~ 
elementary schools?" 


More said yes than no.¢! 
From the literature inoluded in this paper it is evident that 


education. That goal, I feel, was best expressed by the NSTAs 


"The goal of science education should be to develop scientifically 
literate citizens, with the necessary intellectual resources, ‘ 
values, attitudes, and inquiry skills to promote the development 
of man. as a rational human being."22 


Ibid. : 
George H. Gallup, Eighth Annual Poll of the Public Attitude 


| Toward the Public Schools, Phi Delta Kappan, October 1976, pp. 191-192. 


isis ‘aasconient op. cit. p. 16. 
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Iv7.’ IMPIICATIONS: THE-CLASSROOM TEACHER 


The acceptance of the objectives of science education as mentioned 
in this paper have broad affect on the classroom teacher. Today's teacher 
want: Wa trained far betiar thal the teacher or dhe past because of the 
wide area that modern science education covers. . 

Today's teacher mst be able to recognize the dynamic properties of 
welansh so that he can place emphasis in his teaching on process and skills, 
rather than on the memorizatdon, of facts. He mst also be aware of the 
ability and growth of the student ie Asachd so that he may challenge him 
to his full ree without expecting more from him than he is development- 
ally capable of doing. | 

The classroom mst instill in the student the idea of questioning all 
that is around him, of wanting to seek out answers, while at the sane time 
providing the atmosphere to solve these problems. The classroom teacher 
mist also be aware of the broad ana a problem-solving skills in society 
today, problems so exali as deciding what bicycle to buy or so iepetant 
that a life may hang in the balance. Awareness of careers in science mst 
be present, so that the skills taught in science will be useful in the 
future as well as maningful in the present. . 

. Above all, the science educator mst recognize the individuality of his 
students of science. and encourage them in the areas of science in which they 
are interested. Classroom teachers who teach testes of science mst keep 
thal ayay cpéned tothe bitdad goal of eclanee “and ‘net ‘beaome wo dnyolped sand 
bogged down with the teaching of specific branch skills that they forget 
about their broad goal. 
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Most of all, the science educator mist be wi tTIng to meet the 


challenge of keeping up with sclence education as it changes to met 
the needs of future generations. é 


In almost all the research | and literatore mentioned in this paper, 
probably nme has greater tsplidation than those concerning values. 


In most of the recent literaturd concerning sbieise education, "values" 
or "social effects" have been mintioned as new goals on which to base 
education. Qrata states in the — section of the "International | 
Review of Education", | 


"It is time to teach pupils, from preschool age up to 

university, to learn to perform their duties and 

, responsibilities as well as to demand that their rights 
be respected. There is no better field to which this 
principle should be applied than science. Unless the 
young are taught science so that they will use their 
knowledge of scientific principle and procedure to improve 
their livelihood and to help others as well, the chances are 
that they may not apply it at all or, if they do so, they 
will use it to help mly themselves, and in all too many 
cases, at the expense of others. 

The only alternative is to teach science, and other subjects 
as well, differently. Besides leading the pupils, through 
so-called "process" or "conceptual approach", only to discover 
facts and principles for right living, by experiment, 
observation, or reading, they should also be taught to apply 
what they learn to live well and rightly with their neighbors 
everywhere "23 fo 


Brown states ‘in his paper, "Teaching the Impact of Science on 
World Technology, 


"The high cost of this food-price ingtability is economic, 
political, and social. Hence, the teaching and learning of 


23. Paul E. Blackwood, Science Teaching in the Elementary School, U. S. 
Department of Health, Education, and Welfare, U. S. Government 


Printing Office, Washington, D. C., p. 97 


~ 
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science need to be reevaluated in terms af intelligent citizen 
decision making, taking into account the espace political, and 
social implications of science and teclmology." : - 


| Qrata states in the note section of. "International Review of 
Education": 


Teachers ", . . mst go far beyond teaching the student to 
think scientifically and to discover scientific principles. 
They must teach them to act appropriately and to apply what they 
. ‘ discover or learn,’ considering the consequences of what they iad 
ue contemplate doing to others as well as.to themselves."25 ; 
Implications are thaf a massive reevaluatio of programs is about 
to begin, to find out how well they teach scientific and social values. 
In effect the implication is that science educators mst no longer be 


satisfied with just teaching concepts and processes without also teaching 


their social, political, and economic effect. 


2h. Washton, op, cit. pp. 5 
25. Blackwood, op, cit. 
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